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ABSTRACT 


A ramp-shaped intervertebral implant is disclosed. The 
implant has a body having a first end, a second end, a top 
surface and a bottom surface. At least one of the top and 
bottom surfaces is tapered and converges towards the second 
end of the body. An opening extends throtigh the body and 
has one end opening onto the top surface of the implant and 
the other end opening onto the bottom surface of the 
implant. The implant can be formed from the diaphysis or 
metaphysis of a long bone, wherein the intramedullary canal 
of the long , bone defines the opening. Alternately, the 
implant can be made from any biocompatible material 
having the requisite strength requirement. 

19 Clahns, 6 Drawing Sheets 
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RAMP-SHAPED INTERVERTEBRAL 
IMPLANT 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present disclosure relates generally to intervertebral 
implants for spinal fusion and, more particularly, to a 
ramp-shaped intervertebral implant having a top surface and 
a bottom surface and at least one opening extending between 
the top and bottom surfaces. 

2. Badcground of Related Art 

Surgical procedures for fusing adjacent vertebrae together 
to treat back pain in patients with ruptured or degenerated 
intervertebral discs, spondylolisthesis or other pathologies 
are well known. Typically during such a procedure, a ^inal 
implant is placed into the intervertebral space in a position 
to engage adjoining vertebrae. The implant is constructed 
from a biocompatible material which is adapted to fuse with 
the adjacent vertebrae to maintain proper spacing and lor- 
dosis between the adjacent vertebrae, i.e., maintain the disc 
space. 

A variety of different types of intervertebral implants have 
been developed to perform this function including spinal 
fusion cages, threaded bone dowels and stepped bone dow- 
els. Exemplary implants are disclosed in U.S. Patent i^>pli- 
cations filed on even date herewith, under Certificate of 
Express Mail Label Nos. EL260888080US and 
EL071686220US, and entiUed "Intervertebral Implant" and 
"Keyed Intervertebral Dowel", respectively, the entire dis- 
closures of which are incorporated herein by reference. 

One type of intervertebral implant has a wedge configu- 
ration. U.S. Pat. No. 5,425,772 to Brantigaa discloses a 
wedge-shaped implant having an anterior end» a posterior 
end, front and rear walls, top and bottom walls and side- 
walls. The implant is constructed firom biocompatible car- 
bon reinforced polymer or alternately of traditional ortho- 
pedic implant materials such as chrome cobalt, stainless 
steel or titanium. The top and bottom walls are tapered firom 
the anterior end of the implant to the posterior end such that 
the anterior end of the implant has a height greater than the 
height of the posterior end of the implant. The top and 
bottom of the implant are continuous and unslotted and 
include a series of transverse teeth or serrations extending 
thereacross. A ^ot configured to receive bone graft material 
extends through the implant between the sidewalls. 

During insertion of Brantigan's implant into the interver- 
tebral space, the adjoining vutebrae are tensioned and a 
portion of disc tissue between the vertebrae is cut and 
removed to form channels between the vertebrae. The 
implant is positioned in the channel such that the teeth 
formed on the top and bottom surfaces of the implant engage 
the adjoining vertebrae. During a surgical ^inal fusion 
procedure, two of Brantigan's implants are inserted between 
the adjoining vertebrae to be fused. 

U.S. Pat. No. 5,443^14 to Stcffec also discloses a wedge- 
shaped implant having upper and lower toothed surfaces, a 
pair of parallel side surfaces, a pair of end surfaces and a 
plurahty of openings extending between the side surfaces. 
The implant is constructed from an injection molded 
chopped carbon fiber reinforced polymer. The openings 
facilitate blood flow and bone growth from one side of the 
implant to the other. Steffee's implant is adapted to receive 
an insertion tool which during insertion of the implant 
between adjoining vertebrae rotates the implant from a 
horizontal to a vertical orientation. During a surgical 
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procedure, two of Steffee's implants are positioned between 
adjoining vertebrae. 

Conventional wedge-shaped intervertebral implants, 
including those described above, have several drawbacks. 

5 For example, although autograft wedges are known, e.g., 
iliac crest wedges, typically, conventional wedge-shaped 
implants are constructed from materials which do not 
remodel but rather remain in place forever or until removal 
is necessitated, i.e., at least some or all of the implant is not 

10 replaced by new bone, but rather the implant itself is 
incorporated into the body. Since the implants irsually 
become adherent to the adjoining vertebrae, if removal of 
the implant is ever necessitated, the procedure to effect 
removal is complicated and dangerous to the patient. 

15 Moreover, in conventional wedge-shaped implants, the 
opening(s) to facilitate bone ingrowth extend transversely 
through the implant and as such do not open in communi- 
cation with the adjoining vertebrae. Thus, bone ingrowth 
and eventual fusion will occur more slowly. 

Accordingly, a need exists for an improved wedge-shaped 
intervertebral implant whidi can be easily manufactured 
from a material which will be remodeled within the body 
and will more quickly become adherent to adjoining verte- 
brae. 

25 

SUMMARY 

In accordance with the present disclosure, a ramp-shaped 
intervertebral implant which is constructed from animal or 

30 human cadaveric bone or bone composites, or from any 
biocompatible material having the requisite strength require- 
ments suitable for implantation, is provided. The ramp- 
shaped implant includes a body having a first side, a second 
side and uppo* and bwer surfaces. An opening extends 

35 through a central portion of the body between the upper and 
lower sur&ces and a series of ridges are formed over at least 
a portion of at least one of the upper and lower surfaces. The 
implant decreases in height fix)m the first end of the implant 
to the second end of the implant. 

40 In a preferred embodiment, the implant is formed from the 
diaphysis or metaphysis of a long bone. More particularly, 
the implant is formed by first cutting a cortical ring from a 
long bone. Next, the cortical ring is secured within a holding 
fixture and the sidewalls of the cortical ring are machined to 

45 provide the implant with a desired shape. As such, the 
implant may retain its natural configuration or some or all of 
the sidewalls can be machined to form the implant to any 
configuration including rectangular, circular, C-shaped, etc. 
The intramedullary canal of the cortical ring defines an 

50 opening which extends from the top surface to the bottom 
surface of the intplant The implant is then placed in a 
second holding fixture and the top surface is machined to 
provide the appropriate taper and the ridges. These steps can 
be performed simultaneously using, for example, a three- 

55 dimensional computer operated milling machine. 
Alternately, the steps can be performed consecutively. Next, 
the implant is repositioned in the holding fixture and the 
bottom surface of the implant is machined to provide the 
appropriate taper and the ridges. The side surfaces may also 

60 be machined to vary the width of the implant along the 
longitudinal axis of the implant. A C-shaped implant can be 
formed by making a cut across the medial lateral plane of the 
cortical ring to expose the intramedullary canal. Thereafter, 
a ramp or taper can be provided in the anterior/^wsterior 

65 plane. Becatise the implant is consUructed of bone, after 
insertion into the body of a patient, the implant will remodel 
within the body. New bone of a patient will eventually 
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replace some or all of the implant. Thus, if removal of the with reference to the drawings, in which like reference 

implant is ever necessitated, the implanted bone and/or the numerals designate identical or corresponding elements in 

remodeled bone can be easily reamed out. Moreover, since each of the several views. 

the opening extends between the top and bottom surfaces of FIGS. 1-4 illustrate one preferred embodiment of the 

the implant, bone growth material which is packed into the 5 presently disclosed ramp-shaped intervertebral implant 

opening directly contacts the adjoining vertebrae. Thus, shown generally as 10. Ramp-shaped implant 10 includes a 

fusion of the implant and adjoining vertebrae will occur 12 having a first wall 14, a second wall 16, a pair of 

more quickly. sidewalls 18 and 20, an upper surface 22 and a lower surface 

A I* * I *u — u J • * _ -* u 1 • 1 * 24. An opening 26 extends through body 12 from the upper 
Altemately, the ramp-shaped mtervertebral implant can ^ . i _c -f. ^ • -.^ . 

t r J ftl u- ™ *,'ui „ * • 1 u • *u in surface 22 to the lower surface 24. Openmg 26 opens onto 

be lormed from any biocompatible matenal having the - • • . 

• ^ ' : • 1 upper and lower surfaces 22 and 24 and is dimensioned to 

requisite strength requuements via any known process • l ^i. * • i • i j- i_ ^- » j,, 

• 1 J- u * * 1- •* J * ij: J u • receive bone growth matenal includmc bone particles and/or 
mcluding but not lumted to molding and machimng. .-^ ^ - j . j ^- .-i 

^ ^ a biocompatible osleomductive or osteoconductive matenal. 

BRIEF DESCRIPTION OF THE DRAWINGS Upper and lower surfaces 22 and 24 of body 12 converge 

, , 15 from first wall 14 to second wall 16 and are configured to 

Vanous preferred embodiments are descnbed herem with ^^^^^^ vcrXcbtBi end plates after implantation. A series of 
reference to the drawings wherem: ^dges 28 are positioned on at least a portion of upper and 
FIG. 1 is a perspective view of one embodiment of the lower surfaces 22 and 24. Ridges 28 extend between side- 
presently disclosed ramp-shaped intervertebral implant; walls 18 and 20. The apex of each ridge 28 defines a 
FIG. 2 is a top view of the ramp-shaped intervertebral 20 substantially right angle comer. Ridges 28 are configured to 
implant shown in FIG. 1; engage the adjoining vertebrae and prevent the implant from 
FIG. 3 is a side view of the ramp-shaped intervertebral backing out of a receiving bed formed between the adjoining 
implant shown in FIG 1; vertebrae. Alternately, in order to further prevent the implant 
FIG. 4 is a front view of the ramp-shaped intervertebral ^^^"^ ^'f ^^V"*^ intervertebral space, ridges 28 may 
implant shown in FIG. 1* be angled such thai the apex of each ndge pomts towards 

. . , second wall 16. Moreover, protrusions other than ridges may 

FIG. 5 is a side view of a long bone with cut hnes for fo^^^j ^pp^^ j^^^ ^^^^^ of .^j^j^^t^ 

cuttmg the corucal nng; ^ g ^ py^^.^ semi-spherical protrusions. 

FIG. 6 is a perspective view of a cortical ring cut from the Preferably, implant 10 is fonned from cadaveric human or 

long bone shown in FIG. 5; animal bone and/or bone composites. Such composites may 

FIG. 7 is a perspective view of the cortical ring shown in include those discussed in U.S. Pat, No. 5^99,939 to Boyce 

FIG. 6 after the sidewalls have been machined; et al. and in U.S. patent application Scr. No. 09/256,447 to 

FIG. 8 is a side view of the cortical ring shown in FIG. 6 Boyce et aL, the entire disclosures of which are incorporated 

after the sidewalls and the top surfaces have been machined; herein by reference. Altemately, other biocompatible mate- 

FIG. 9 is a side view of the cortical ring shown in FIG. 6 35 rials can be used to form the implant. For example, surgical 

after the sidewalls^ the top surface and the bottom surface stainless steel, titanium, ceramic hydroxyopatite, polymers, 

have been machined; carbon fiber, tantalum, etc., can also be used to construct the 

FIG. 10 is a perspective view of another embodiment of anplant. Moreover, depending on the particular material 
the ramp-shaped intervertebral implant; ^ constnict the implant, a variety of different manu- 

™o It • *• • c * *t. i_ J* ^40 facturing procedures can be used to form the implant includ- 

FIG. 11 is a perspective view of yet another embodiment . l- • j u- ir 1 

oftheramp^hapedfatemsrtebralimplanU mg mactamng moUmg for exampk^ 

^. . - . Referrmg to FIGS. 5-9, m a preferred embodiment, the 

FIG. 12 IS a perspective view of yet another embodiment ^j^^ ^ ^^^^ ^ ^ 1 ^ 

of the ramp-shaped mtervertebral unplant; ^^^^ ^^^^ bumerus,1S»ia or femur, by first 

FIG. 13 IS a perspective view of yet another embodiment 45 making a pair of transverse cuts A and B across the diaphysis 
of the ramp-shaped intervertebral implant; mctaphysis of a long bone C to fonn a cortical ring D. 

FIG. 14 is a top view of the intervertebral implant shown Typically, larger bone including humerus, uTjia and femur 

in FIG. 13; are used to form implants for thoracic and lumbar spinal 

FIG. 15 is a side view of the intervertebral implant shown fusion procedures, whereas smaller bones including the 

in FIG. 13; 50 ulna, radius and fibula are used to form implants for cervical 

FIG. 16 is a perspective view of another embodiment of spinal fuaon procedures. Next, cortical ring D is secured 

the ramp-shaped intervertebral implant; within a holdi^ fixture (not shown) and the sidewalls of the 

FIG. 17 is a top view of the ramp-shaped intervertebral cortical rii^ are machined to provide a aibstantially rect- 

implant shown in FIG 16* angular implant £. Altemately, the sidewalls of the implant 

FIG. 18 is a perspective' view of anothei embodiment of « ^? natural ooi^guration or the adewiUls can 

the ramp-shaped intervertebral implant; ^ machined to fora. an nnplant havmg a vane^ of othc, 

T^^*«- r t ' . . conngurations, e.g., circular, tnangular, etc. Subsequently, 

Sg is "' " mtervertebral unplant shown ^^^^ g ^ ^^^^ ^ ^ ^j^^ ^^^^^ 

^ , . . . . and upper surface 22 is machined using a computer con- 

FIG. 20 is a side view of an implant insertion tool; and gg trolled three-dimensional milling machine to form ridges 28 

FIG. 21 is a perspective view of another embodiment of and to angle the upper surface 22 from first end 14 to second 

the ramp-shaped intervertebral implant. end 16, i.e., provide the taper. The angle is chosen to 

maintain the natural curvature of the spine. Alternately, a 
manually operated milling tool can be used to taper upper 

65 surface 22 and subsequently form ridges 28. Next, implant 

Preferred embodiments of the presently disclosed ramp- E is repositioned in the second holding fixture and lower 

shaped intervertebral implant will now be described in detail surface 24 is machined to form ridges 26 and to angle lower 


DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 
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surface 24 &om first end 14 to second end 16. The intramed- 
ullary canal of the cortical ring defines opening 26. 
Alternately, the taper and ridges may be provided on only 
one of the upper and lower surfaces of the implant. 

Typically, for thoracic and lumbar spinal fusion ^ 
procedures, the implant has a length of from about 20 mm 
to about 21 mm, a width of from about 15 mm to about 18 
mm, a rear end height of from about 9 mm to about 13 nun 
and a forward end height from about 11 mm to about 15 mm. 
For cervical spinal fusion procedures the implant has a 10 
length of from about 10 mm to about 15 mm, a width of from 
about 10 mm to about 15 mm, a rear end height of from 
about 6 mm to about 10 mm and a forward end height from 
about 8 mm to about 12 mm. Alternately, the dimensions of 
the implant may be varied to accommodate the particular 
procedure to be performed 

Preferably, before long bone D is cut, the bone is partially 
demineralized by placing the long bone in a 0.6NHCL 
solution. By demineralizing the bone in this fashion, only 
the walls of the intramedullary canal and the circumferential 
surfaces of the bone will be deminerahzed. The strength 
imparting surfaces of the ramp implant will not be compro- 
mised. Moreover, the bone may be treated using a variety of 
bone healing enhancing technologies. For example, bone 
growth factors may be infused into the natural porosity of 
the bone and/or the bone may be infused with acid to further 
demineralize the internal matrix of the bone. Both these 
bone treatments may be performed using the pressure flow 
system disclosed in U.S. Pat. No. 5,846,484 which is incor- 
porated herein by reference. ^ 

FIGS. 10-12 illustrate alternate embodiments of the 
ramp-shaped bone intervertebral implant FIG. 10 illustrates 
a substantially cylindrical ramp-shaped implant, shown gen- 
erally as 100. Implant 100 may be formed by madiining the 
sidewall of a cortical ring (FIG. 6) to provide a substantially 
cylindrical configuration. Alternately, the cortical ring need 
not be machined but rather, it may retain its natural shape, 
which depending upon the bone, may vary in shape from 
cylindrical to triangular in configuration. Implant 110 ^ 
includes ridges 128 formed on its upper and lower surfaces. 
The upper and lower surfaces are also machined to taper the 
implant along its longitudinal axis from the first end 114 of 
the implant to the second end 116 of the implant. 

In an alternate embodiment shown generally as 200 in 45 
FIG. 11, the implant is tapered and ridges 228 are formed on 
only one of the upper and bwer surfaces. The other surface 
224 remains fiat. 

In another alternate embodiment shown generally as 300 
in FIG. 12, a portion of implant 200 is removed to form a 50 
substantially C-shaped ramp implant. C-shaped implant 300 
includes an opening 326 and may inchidc protrusions, such 
as ridges 328, on either or both of the upper and lower 
surfaces of the implant C-sbaped implant 300 may form any 
portion of an arc from about 60* C. to 360". 55 

FIGS. 13-15 illustrate another alternate embodiment of 
the intervertebral implant shown generally as 400. Interver- 
tebral implant 400 is similar to implant 10 in aU respects, 
except that sidewalls 418 and 420 are also angled to con- 
verge toward each other from first wall 414 to second wall 60 
416 along the longitudinal axis of the implant Implant 400 
also includes a slot 450 which conmiuoicates with a 
threaded bore 452. Slot 450 and threaded bore 452 are 
configured to mate with an implant insertion tool (not 
shown). Such a slot and threaded bore may be formed on 65 
each of the implants discussed above to facilitate insertion of 
the implant into the intervertebral space. 


FIGS. 16-19 illustrate additional alternate embodiments 
of the ramp-shaped intervertebral implant. FIGS, 16 and 17 
illustrate ramp-shaped intervertebral implant 500. Implant 
500 is substantially rectangular in shape as viewed from 
above (FIG. 17). However, the upper and lower surfaces 522 
and 524 are convex and include a series of ridges 528. 
Intervertebral implant 600, illustrated io FIGS. 18 and 19, is 
substantially identical to implant 500, except that sidewalls 
618 and 620 have not been completely flattened as have 
sidewalls 518 and 520. 

Both intervertebral implants 500 and 600 include a first 
wall 514, 614 having a threaded hole 550, 650 and a pilot or 
threaded hole 552, 652. The holes are configured to engage 
a threaded prong 710 and a non-threaded prong 712 of an 
insertion tool 700 (see FIG. 20). Insertion tool 700 facilitates 
insertion of the implant into the intervertebral space. The 
spacing of the pilot hole and the threaded hole may be varied 
on different implants such that only the proper insertion tool 
can be used to insert an implant into the intervertebral space. 
This will prevent inadvertent use of the wrong insertion tool 
with a particular implant. For example, this will prevent the 
use of instruments designed for inserting implants anteriorly 
with implants designed to be inserted posteriorly. 

It will be understood that various modifications may be 
made to the embodiments disclosed herein. For example, 
rather than ridges, other protrusions may be formed on the 
upper and lower surfaces of the implant to retain the implant 
in a receiving bed formed between adjoining vertebrae. For 
example, the upper and lower surfaces may be knurled or 
include dimples or a variety of differently shaped projec- 
tions. Moreover, any of the implants described above may 
include perforations 800 along any of its surfaces configured 
to receive bone growth material. See FIG. 21 for example. 
Fiuther, the implant can be made using other known meth- 
ods not disclosed in detail above, including molding and 
other machining processes. Therefore, the above description 
should not be con^rued as limiting, but merely as exempli- 
fications of preferred embodiments. Those tolled in the art 
will envision other modifications within the scope and spirt 
of the claims appended hereto. 

What is claimed is: 

1. A ramp-shaped intervertebral implant comprising: 

a body isolated from along bone having a first end, a 
second end and top and bottom surfaces, at lea;^ one of 
the top and bottom surfaces being tapered and converg- 
ing towards the second end of the body, at least one of 
the top and bottom surfaces having a plurality of 
protrusions thereon, the protrusions defining substan- 
tially V-^ped elongated, parallel grooves, and at least 
one opening extending through the body having one 
end opening onto the top surface and one end opening 
onto the bottom surface, wherein the first end of the 
implant includes a threaded bole and a non-threaded 
hole, the holes being dimensioned to engage an inser- 
tion tool. 

2. A ramp-shaped intervertebral implant according to 
claim 1, wherein the protrusions include a series of ridges. 

3. A ramp-shaped intervertebral implant according to 
claim 2, wherein lie implant includes a pair of substantially 
parallel side walls, each ridge of the series of ridges having 
a longitudinal axis that extends in a direction substantially 
perpendicular to the side walls. 

4. A ramp-shaped intervertebral implant according to 
claim 1, wherein the implant is constructed from the dia- 
physis or metaphysis of a long bone and the intramedullary 
canal of the long bone defines the bore. 

5. A ramp-shaped intervertebral implant according to 
claim 1, wherein the implant is formed from bone which is 
at least partiaUy demineralized. 
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6. A ramp-shaped intervertebral implant according to 
claim 1, wherein the implant has a substantially rectangular 
configuration. 

7. A ramp-shaped intervertebral implant according to 
claim 1, wherein protrusions are formed on both the top and 5 
bottom surfaces. 

8. A ramp-shaped intervertebral implant according to 
claim 1, wherein at least one of the top and bottom surfaces 
is convex. 

9. A method for forming a ramp-shaped implant compris- lO 
ing the following steps: 

a) making a transverse cut across a long bone having an 
intramedullary canal to form a cortical ring; 

b) machining at least one of top and bottom surfaces of the 
cortical ring such that the top and bottom surfaces of 
the cortical ring converge towards one another in a 
direction towards a second end of the cortical ring, at 
least one of the top and bottom surfaces having a 
plurality of substantially V-shaped elongated, parallel 
grooves, the intramedullary canal of the long bone 
defining an opening having one end opening onto the 
top surface of the cortical ring and having a second end 
opening onto the bottom surface of the cortical ring; 

c) machining at least one of the top and bottom surfaces 
of the cortical ring to form a plurality of protrusions 
thereon; and; 

d) forming a threaded hole and a non-threaded hole in a 
first end of the implant, the threaded hole and non- 
threaded hole being dimensional to engage an insertion 30 
tool. 

10. A method for forming a ramp-shaped implant accord- 
ing to claim 9, wherein the protrusions include a series of 
ridges. 

U. A method for forming a ramp-i^aped implant accord- 35 
ing to claim 10, whereui the machining steps further include 
use of a three-dimensional milling machine. 

12. A method for forming a ramp-shaped implant accord- 
ing to claim 11, wherein steps c) and d) are performed 
simultaneously using the three-dimensional milling 
machine. 


13. A method for forming a ramp-shaped implant accord- 
ing to claim 9, further including the step of partially dem- 
ineralizing the bone. 

14. A method for forming a ramp-shaped implant accord- 
ing to claim 13, wherein the step of partially demineralizing 
the bone occurs before the cortical ring is cut from the long 
bone. 

15. A method for forming a ramp-shaped implant accord- 
ing to claim 9, further including the step of: 

d) machining sidewaUs of the cortical ring to form an 
implant having a substantially rectangular configura- 
tion. 

16. A method for forming a ramp-shaped implant accord- 
ing to claim 9, further including the step of: 

d) infusing bone growth material into the bone. 

17. A method of forming a ramp-shaped implant accord- 
ing to claim 9, further including the step of: 

d) forming a plurality of perforations in surfaces of the 
implant other than the top and bottom surfaces. 

18. A method of forming a ramp-shaped implant accord- 
ing to claim 9, wherein at least one of the top and bottom 
surfaces is convex. 

19. A method for forming a ramp-shaped implant com- 
prising the following steps: 

a) making a transverse cut across a long bone to form a 
cortical ring; 

b) machining at least one of the top and bottom surfaces 
of the cortical ring to taper the cortical ring from a first 
end of the cortical ring to a second end of the cortical 
ring and to provide a plurality of substantially V-«baped 
elongated, parallel grooves, the intramedullary canal of 
the long bone defining an opening having one end 
opening onto the top surface of the cortical ring and 
having a second end opening onto the bottom surface of 
the cortical ring; 

c) machining at least one of the top and bottom surfaces 
of \hc cortical ring to fiirm a plurality of protrusions 
thereon; and 

d) infusing bone growth material into the bone. 
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